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Abstract 
Finger Limes are a micro citrus that is native to Australia. They are new to the 
United States and are now being grown in California. The pulp of the Finger Lime is mainly 
used as a luxury garnish. Shanley Farms is a small family run business that is located in 
Visalia and Morro Bay that is one of few growers of the fruit. The majority of their sales are 
to the food service industry. Much of their product is also sent over seas as an international 
commodity.  
A large amount of fruit goes to waste every harvesting season. 15% of the fruit that 
is harvested is visually unpleasing on the outside although the inside pulp is unharmed and 
is currently going to waste. Along with all of this fruit going to waste, the fruit can only be 
harvested for 6 months out of the year even though there is year-round demand.  
Our main objective was to determine the shelf life of the Finger Lime citrus pearls. 
We tested three different types of jars, which included a plastic jar with a plastic lid, a glass 
jar with a plastic lid and a glass jar with a metal lid along with a control. We found the shelf 
life to be 13 days and the type of jar that kept the citrus pearls the freshest was the glass jar 
with the metal lid.  
 From this, we can confidently say that the natural peel of the Finger Lime keeps the 
fruit fresher than an alternative package. Although packaging the citrus pearls in a more 
condensed package and saving second grade fruit seems economical, the shelf life is not 
extended by packaging the fruit.  
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Introduction 
Problem Statement 
Shanley Farms is a family operated business that is located in both Morro Bay and Visalia. They 
grow three different types of produce: Finger Limes, Morro Bay Avocados, and Sierra Sweet 
Kiwis. Their produce is mainly sold to distributors and their products can be found in many retail 
locations.  The newest product that Shanley Farms has begun to grow and sell is Finger Limes, 
which originally came from Australia. Finger Lime produce is new to the United States. This 
makes marketing and selling such a unique type of produce is a challenge. The limes are 
currently being sold in a 6 oz. clamshell that contains anywhere from 25-30 whole Finger Limes 
on average and in retail packages that typically contain 7-9 whole Finger Limes. The research 
that is prevalent to our team relates to the processing of the Finger Limes. Shanley Farms is 
interested in testing the shelf life of the citrus pearls, which are the pulp of the Finger Lime, out 
of the peel. The citrus pearls will be extracted from the natural peel in order preform the tests to 
see if it is possible to preserve their product for use during the off-season as well as not wasting 
the second grade fruit. The season that Finger Limes can be harvested is from September to 
January. When the fruit is harvested, about 15% of that fruit is visually unpleasing, and is 
considered second grade fruit. The inside of this second grade fruit is unharmed and currently 
going to waste. Once the testing is done to determine the shelf life of the pearls in a sealed 
container, the ability to decide whether or not it is an economical decision to invest in the 
machinery and technology to package the citrus pearls will be made. The market of Finger Limes 
and citrus pearls primarily reaches out to specialty restaurants and health food stores, such as 
Whole Foods.  
Needs 
The problem that will be mitigated within this project is whether or not the citrus pearls that are 
contained within the peel of the Finger Limes can be extracted and preserved without the use of 
preservatives. The needs of preserving the fruit are listed below. They are ranked based on their 
importance on a scale from 1-4 (1 being of greatest importance). Restaurants that purchase the 
Finger Lime pearls could benefit from the new packaging because it will make it easier to 
garnish dishes, due to the fact that the pearls are already extracted. Instead of having a chef 
extract the pulp by hand, they would be able to spoon the desired amount out of the container 
with ease. Extracting the citrus pearls from the Finger Limes would also solve the issue of 
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wastefully disposing of the visibly unpleasing second grade fruit that is not affected inside.  
Since the consumer will not see the external, damaged part of the peel processing of all the fruit 
would be possible. The shipping costs of the product would also be less when just shipping the 
pulp of the limes because not the entire lime would be shipped. We will also have to account for 
the weight of the jar.  Most importantly, if the citrus pearls were packaged and had a moderately 
long shelf life, the ability to have fruit in the office season would greatly increase. This would 
result in more profit. Lastly, it would be much easier to store jars or containers of citrus pearls 
than it would be to store the physical fruit, due to the difference in size and volume.  
 
Table 1: Introduction of Needs 
Need Ranking 
Easier to Serve in Restaurants 3 
Conserve Second Grade Fruit 1 
Reduce Shipping Costs 4 
Provide Fruit in the Off Season 1 
Efficient Storage 2 
Background 
Shanley Farms is a small family run farm that has growing facilities in both Morro Bay and 
Visalia. They are one of few growers of Finger Limes in the United States. Finger limes are 
considered to be a micro citrus that have a flavor profile similar to a lemon or a lime. The 
inside of a Finger Lime contains small citrus pearls, which burst and deliver a mouthful of 
flavor. Finger Limes from Shanley Farms are currently being marketed in two different 
ways. Small retail bags of approximately 40 grams are sold in supermarkets. Food service 
clamshells, which are ½ dry pint, are also sold. Most of the product that Shanley Farms 
grows and sells goes directly to the food service industry. Since this is the case, they are 
interested in finding a method that will allow them to utilize their second grade fruit and 
market the interior pulp. This would make it easier for chefs to use the product and less 
fruit would go to waste. The package would ideally make the citrus pearls last as long as 
possible and come in at around the same price point. In order for the customer to feel as 
though they are getting a premium product, the package should be high quality.   
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Objectives 
The main objectives for this project are to determine the shelf life of Finger Lime citrus pearls 
along with recommending a container manufacturer and data that can benefit the operations of 
Shanley Farms. The main deliverables of the project are as follows: 
1. Determine container in which Finger Limes can be stored along with recommended 
supplier 
2. Shelf life evaluation of citrus pearls in different packages 
3. Cost evaluation of recommended package 
Contribution 
The research that is being performed for Shanley Farms is to help with the efficient usage of all 
the fruit that can be produced by their Finger Lime trees, since it is not being harvested and 
distributed to its fullest potential currently. The main goal of testing the natural shelf life of the 
citrus pearls is so that it can be stored and used during the off-season, when it is not possible to  
harvest the fruit. 
 
A secondary goal of determining if the citrus pearls 
can be stored is that the second grade fruit grown on the trees 
at Shanley Farms is currently being thrown away. Second 
grade fruit is visually unpleasing on the outside, yet the same 
quality of the first grade fruit on the inside. If it were possible 
to extract the citrus pearls from Finger Limes and store them, 
the visual appearance of the peel would no longer be a factor 
in determining the quality of the fruit available for 
distribution. Shanley Farms is a very small production and 
needs assistance in preforming these tests and studies. The 
goal is to hopefully answer all the questions that they have about the shelf life of their product 
and the ability to store it as well.  
Scope of Project 
It took many hours of deliberation to determine the scope of the research for this project. There 
were many alleyways that could have been explored. In the beginning the thought of custom 
designing a package for the citrus pearls was our objective. After discussing the project further, 
Figure 1 Cut Finger Limes 
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the decision was made that a custom package would not be necessary in order to better market 
the product. The main consumer of the citrus pearls is a restaurant setting and the person actually 
eating the pulp never sees the package. With this information and some other ideas, we decided 
that testing the shelf life of the pulp would be the best in the essence of time and the experience 
that our team possesses.  
 
     After the decision was made to test the shelf life, the determination of testing the citrus pearls 
in glass containers, plastic containers, and tin containers was made. The pulp will be extracted 
from the limes and placed in the containers. From here, based on the method that we selected for 
collecting data, the panel of judges of the samples will rate the quality of the fruit they tested on 
a scale of 1-15 for 5 different quality parameters. These parameters will be based off of the fresh 
sample that will also be given at the same time. The judges will consist of random people along 
with some of them staying consistent.  
Literature Review 
Introduction 
 The review of literature is a very important portion of the research portion of any project. 
Because there was very little information readily available about Finger Limes, background 
information on the packaging of other citrus fruits was used as a comparable substitute to Finger 
Limes. We were able to use ideas from others and build on them to make sure that we were 
utilizing all of the possible options for packaging the pearls of Finger Limes. The purpose of our 
project is to determine the shelf life of Finger Lime pearls when they are extracted from their 
natural casing and packaged in a jar. Many different issues that occur in the packaging of various 
citrus were explored, and the best ways to store the products were found.  
Interactions of Food and its Packaging 
Most of the food that we consume today is packaged at some point in its journey from the 
farm to the table. The amount of interaction that occurs between the package and its contents 
should be minimal in order to keep the integrity of the package and prevent to food inside the 
package from spoiling. Depending on the product being packaged, the material used will differ. 
According to Mannheim and Passy, “the challenge of producing safe and wholesome packaging 
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materials” is an issue that they often deal with in their research. There are three main types of 
interaction that can occur between the food and the package. They are: migration, permeation, 
and absorption.  
 
      Migration is the “transfer of components from the package into the foods during 
preparation or storage”(Mannheim). Migrants are the substances that are actually transferred and 
can change the “aroma of the food” (Mannheim). Even substances from the materials that are 
used for printing can migrate into the food. Even though it seems that all migration is bad this is 
not always the case. Migration can be beneficial in cases where antioxidants migrate and reduce 
oxidation.  
 
      Permeation is when gases or vapors migrate through the package. Permeation generally 
has a negative effect on the food product. This negative effect is usually a reduction in shelf life. 
“Shelf life of juices packed in laminated paperboard was shorter than those packed in 
glass…”(Mannheim). This means that there is less air permeation that occurs when the food 
product is in a glass container as opposed to a plastic or paper container. When permeation is at a 
lower rate, the food in the package stays fresher longer, therefore extending the shelf life.  
 
      Absorption is when parts of the food go into the package. This usually occurs with 
“flavor compounds”(Mannheim). The flavor from the food is transferred from the food into the 
packing material, making the portion that is consumed less flavorful. The aromatics of citrus 
have been known to become weaker when absorption occurs also decreasing the flavor. 
Absorption also decreases the integrity of the package, by weakening the “seal strength, tensile 
strength and permeability”(Mannheim). This can cause many problems in distribution packaging 
if the products are leaking.  
 
      When there is an interaction between the food and the package, “there is a risk for toxic 
hazard and formation of off-flavors”(Mannheim). When off flavors are produced, the food inside 
the package is no longer suitable for eating. The consumer will not receive the quality or the 
flavor of the food that they were expecting.   
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      The biggest problem that is faced when determining how food interacts with its package 
is that it is sometimes difficult to measure and record the data. An example of this is that 
migrants usually get into the package in very low concentrations. This can affect the 
dependability of the results.  
Ascorbic Acid Loss in Refrigerated Orange Juice 
When a food product deteriorates, there are finite guidelines that define spoilage. Depending on 
the type of food, spoilage is defined by different definitions of failure. In juices, these guidelines 
are “ascorbic acid loss, colour change, and the development of off flavours” (Soares). This is 
applicable to our project because we are dealing with the pulp of a different type of citrus. Finger 
Limes are very acidic and are similar in multiple characteristics as other citrus. The variables that 
affect these defects are the “processing parameters, storage environment, PH and the protection 
by the container”(Soares). The variables differ based on the type of product and amount of 
processing. As with anything the results are dependent on the system that is being studied.  
 
      For juices, the decrease in ascorbic acid is directly related to the amount of oxygen that 
was initially in the container (Soares). Packages with higher oxygen content spoiled faster. De-
aeration is when air is taken out of the package. This along with anaerobic storage helped to 
retain the ascorbic acid in the fruit juices. Treating the containers before putting the product in 
them did not affect the rate of degradation. “Headspace volume and storage temperature were 
found to have greater influence”(Soares) on the ability of the product to not spoil. Both aerated 
or de-aerated juices had an ascorbic acid level that degraded, although the non-de-aerated juices 
had a greater loss of ascorbic acid.  
 
Deficiencies of Polypropylene 
Polypropylene is used in many different applications in the food-packaging world. There are 
many downsides to using polypropylene so widely though. Degradation and migration often 
occur in this substance. Citrus compounds often have “sorption behavior” that “affects the 
functional groups and the structures of the molecules”(Boone). These factors decrease the shelf 
life of the product.  
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      Thermal interactions also affect the degradation of polypropylene. When doing research 
based on the properties of the material, the “induction period”(Boone) is when the biggest 
changes occur in the package. The induction period is the time before the package is actually 
sealed. The rate at which the package degrades determines the amount of time that the polymer 
can be used in packaging applications before it is no longer affective. Additives can sometimes 
help to increase the life cycle of a polymer.  
 
      UV degradation can also affect the effectiveness of a polypropylene package. Often the 
UV degradation includes “ a decrease in the residual strength and failure mode”(Boone). Another 
obstacle that is faced when packaging food is that it must be ensured that the package is safe with 
the food that is contained in it. Food safe packages are difficult to make and must be tested to 
verify their ability to preform the function that it is needed to preform. “Additives improved the 
stability of PP” (Boone) in order to decrease the rate of degradation.  
 
      Often times, PP or PE can be used as a substitute for aluminum foil lined packages. 
Aluminum foil lined packages are the cartons that are currently used for most orange juices 
today. The exchangeability of these materials was determined by preforming studies of “flavor 
absorption, non-enzymic browning, and oxidation”. The taste and color differences were the 
same in both types of containers. This test also helped prove that “UV Protective layers” were 
not necessary to protect the product.  
 
      Depending on the conditions that a plastic is subject to affects the way in which a product 
degrades and holds up to the product. Toxicity and recyclability are also another issue that is 
often faced. It is very difficult to process a recycled plastic and make it up to food grade quality.  
 
Shelf-life of Chilled Cut Oranges 
Convenience is beginning to become part of our every day life. The food products that make 
our life easier are almost always processed and packaged. In order to determine whether 
or not these foods have gone bad, we, as consumers, subconsciously base it off of flavor, 
texture, and appearance.  
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 The way that a fruit behaves differs on the conditions it experiences in comparison 
to its natural storage conditions. Fruit behaves differently when it is freshly cut or when it 
is whole (Rocha).  Cut fruits are more perishable than whole fruits. When you cut a fruit 
fresh cells are exposed that are rich in water, sugars and organic acids (Rocha). 
Temperature heavily affects the rate of respiration (Rocha). 
 
 Based on a study that was conducted testing the shelf life of cut oranges stored at 
40C, the rate of respiration does not accelerate the deterioration of the fruit (Rocha). The 
shelf life of the oranges was determined by other factors than the physical and chemical 
properties.  
 
The shelf life of a cut orange came out to be 5 days when stored at 40C (Rocha). 
Oxidation reactions can be reduces by using modified and controlled atmospheres (Rocha). 
More research needs to be done in order to determine how to prevent the deterioration 
and aging if fruits that are not stored in the natural packaging.  
 
Modified Atmosphere and Vacuum Packaging to Extend Shelf Life 
Modified atmosphere and vacuum packaging protect foods that rapidly deteriorate by 
extending the shelf life. Respiring products such as fruit and vegetables often spoil the 
quickest. The packaging conditions, the type of material used for the packaging and the 
temperature at which the food is stored all affect the rate at which a food product respires.  
 
 In order to slow the respiration of these products, the atmosphere surrounding a 
product must be stabilized. This can be done using controlled atmosphere (CA) storage. 
Here the composition of the atmosphere can be programmed to the optimal conditions. By 
modifying the atmosphere, in modified atmosphere storage (MA), no active control is taken 
over the atmospheric conditions.  
 
 Respiring products must have oxygen to produce enough energy so that they can 
perform aerobic respiration.  Anaerobic respiration, without oxygen, causes off flavors and 
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the loss of quality in the products in which it occurs. With all of the variables that come into 
play, a conclusion has been made that the optimal packaging for a product should be 
custom or tailor-made. (Gorris) This is not possible though do to the logistics of food 
processing and the variety of foods that a company packages.   
 
 Packaging a product can be very complex. The initial gas atmosphere can be regular 
air or it can be pure gases. A change in the temperature at which a product is stored often 
results in condensation and increases the rate of spoilage. Refrigeration can help with this 
issue. Vacuum packaging reduces the amount of oxygen in the package and slows the rate 
at which the product respires (Gorris). 
 
 Creating the right conditions in which a specific product must be stored can be 
complicated. The knowledge of each condition should be researched and taken into 
consideration when designing any package.  
 
Effect of temperature on fruit quality 
An integral part of every experiment is the control group. This group is the baseline for 
which all experimental groups are compared. In this case, Artés-Hernández, Rivera-Cabrera 
and A. Kader conducted a lemon wedge shelf-life test to determine the ideal wedge size and 
storage temperature for an exposed lemon. They did not use any packaging, and the 
wedges were kept in a highly controlled environment to only measure temperature and 
wedge size. Since finger limes and lemon wedges are similar products, Shanley Farms could 
use this information to reevaluate their own citrus storage practices. 
 
      The results of this study showed that freshly cut lemons stored at 10°C retained 
marketable quality for 7 days. However, to reach a 10 day shelf life—a 42% increase—
lemons should be kept at 0-5°C (Artés-Hernández, Rivera-Cabrera & A. Kader, 2007). It was 
noted that dehydration was the limiting sensory factor of the study, meaning that the 
lemons were deemed “unmarketable” due to dehydration. 
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      Now that unpackaged citrus pulp behavior is known, the Shanley team will be able 
to compare their results with those of other scientists. Clearly, the colder samples have 
longer shelf lives than that of the warmer samples. Shanley Farms currently runs their 
refrigeration unit at 50°F (10°C), but they are hesitant to lower the temperature too much 
due to the fragile nature of their product. When the fruit gets too cold, the pulp looses its 
unique crisp popping sensation and turns into a cold rock. 
 
Effect of packaging conditions on quality and shelf life 
A closer example to the Shanley team’s finger lime experiment is the fresh-cut pineapple 
shelf-life test. This study was conducted to evaluate the effect of different packaging 
conditions on quality and shelf life of pineapples. Montero-Calderón, Alejandra Rojas-Graü 
and Martín-Belloso set up various atmospheres—high or low oxygen, alginate coatings—in 
polypropylene containers and observed the samples for 20 days. The samples were kept in 
a 5°C refrigerator, which is consistent with the similar experiments. In all of the samples, 
oxygen gradually decreased while carbon dioxide rose sharply by over 10%, which is 
generally an indication of longer shelf life (Montero-Calderón, Alejandra Rojas-Graü & 
Martín-Belloso, 2008). The pineapple’s shelf life was limited to 14 days due to mesophilic 
bacteria growth; however, the sensory quantifications did not significantly change, 
suggesting that the fruit pieces were structurally preserved in the polypropylene trays. 
 
      Dehydration was becoming a problem in the cases without an alginate coating. 
Those with the coating were highly effective at preserving the pineapple. This edible 
coating protected the fruit from dehydration and water loss by acting as a gas barrier and 
creating a pseudo, waterless atmosphere within the package. 
 
      The Shanley Farms experiment will be testing different packaging material, not 
atmospheres, but the pineapple study offers the team a unique view of what to expect with 
a plastic container. If a problem were to arise, the Shanley team could consider alginate 
coatings in their packages to keep the moisture inside the pearls. 
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Refrigeration and Humidity 
Working with products that need to be refrigerated requires great attention to the 
condition of the products before the final package. Products will only arrive successfully if 
pre-treatment has been performed correctly to both the product and storage container. 
Preparation of the storage container plays a vital role in shelf life longevity. 
 
 Precooling of the container should never take place. If a cold container exposed to 
warm air, condensation will occur along the edges resulting in an uncontrolled increase in 
humidity. Relative humidity greatly affects the shelf life of many foods, particularly with 
fruits. If the humidly is too high, mold and fungi may develop on the fruit. However, if 
humidity is too low, a loss of weight will occur and the fruit will shrivel. It is very important 
that the humidity is controlled. 
 
As highlighted on chart below, Maersk Line recommends a relative humidity for 
citrus products of 90% at a temperature of 8-10 degrees Celsius. With these conditions, the 
estimated shelf life will be 42-56 days. 
  
Table 2: Relative Humidity Conditions 
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Torque Guide 
Torque is defined as the rotational force applied during cap application or removal from a 
container. It is very important to execute the correct amount of torque to ensure a proper 
seal. Many people believe that the tighter you twist a cap, the better the seal; however, it 
has been proven that applying too much pressure can actually cause the product to leak. 
Over-torqueing results in an uneven amount of pressure on the cap, causing an improper 
seal. If there is not enough torque, the container may leak or the closure may come off too 
easily. Any exposer to the outside environment would result in a significantly shorter shelf 
life than that of a product kept in a properly sealed jar. 
The chart below represents a study to determine the optimal cap-to-bottle torque rate. This 
study was done using a torque tester, and all units are pounds per inch. The highlighted 
portions represent the information most relevant to the Finger Lime shelf life study (SKS 
2011).  
 
Table 3: Torque Table 
 
Literature Review Conclusion 
 Although the literature review helped us find out information about packaging 
various types of citrus, we were not able to find any information specifically regarding 
Finger Limes. Our project will be able to contribute a significant data set that could be used 
for future projects and research. As listed in the needs section of the report, our rankings 
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still stand true to our beliefs. Conserving second grade fruit and providing fruit in the off-
season are still of most importance to our project.  
Procedure/ Methodology 
 The method used to collect the data needed to determine the shelf life of Finger 
Lime citrus pearls required planning and coordination to make sure that all of the materials 
were in order. The purpose of this project was to determine the shelf life of Finger Lime 
citrus pearls once they were extracted from their natural peel. Three different types of 2 oz. 
jars were used to see which would hold the fruit the longest. This section will discuss the 
process that occurred during the project before, during and after data collection.  
 
The first part of preparing for the study was processing the fruit so that we would 
have samples for our tasting panel to sample. Using the sanitary kitchen in the pilot plant 
on the Cal Poly campus, we were able to jar all of the samples that we needed. The control 
sample(C) was kept in its natural peel. We filled three different types of jars: a glass jar 
with a metal lid(GM), a glass jar with a plastic lid(GP), and a plastic jar with a plastic 
lid(PP). The glass jars with the metal lid came from SKS Bottle & Packaging. The glass jar 
with the plastic lid and the plastic jar with the plastic lid came from Specialty Bottle.   
 
The process that was used to fill the 
jars was tested prior to the official fill date 
during a preliminary run-through. The first 
step in the process was cutting the fruit 
open and letting the citrus pearls come out 
of their peel.  Shown in the picture to the 
left is a Finger Lime being cut open. Figure 3 
shows what the Finger Lime looks like once 
the pearls are left to naturally come out of 
the peel.   
 Figure 2: Whole Finger Lime 
as shown in Figure 4.   
 
After checking if the citrus pearls felt dry to 
the touch, they were scooped in
were not filled with a specific amount of pulp, but 
were filled to make sure that there would be enough 
for each of our panelists to sample to 
necessary data.  
 
Next, the torque tester was used to ensure 
that all of the jars were closed to the correct tightness. 
properly close a jar was calculated by using the formula
when measured in millimeters.
Figure 3: Natural Extraction 
Figure 5: Filling Jars 
Next, the peel was squeezed and the citrus 
pearls were extracted onto a splatter guard. This was 
done in order to let the pearls dry out sligh
they were jarred. During our preliminary extraction, 
we determined that the shelf life is longer if there is 
less liquid in the container. The fruit would sit 
splatter guard for 5 minutes so that some of the excess 
moisture could be eliminated. The splatter guard was 
placed over a large bowl to collect the excess moisture 
to the jars. The jars 
provide the 
The amount of torque required to 
 diameter of the jar divided by two 
 The torque tester used is shown to the left.  
 
 Once the jars were filled, they were put 
into the controlled environment chamber at 
45 degrees Fahrenheit. This is when the 
experiment officially began. This was the
that the panelists filled out their first sensory 
form when tasting the control sample. The 
control sample was always a freshly pulped 
Figure 4: Pearls on Splatter Guard
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tly before 
on the 
 day 
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Finger Lime that was picked at the same date and time as the citrus pearls used for 
extraction and testing. The fruit used as the control 
was stored in the same controlled environment 
chamber as the jarred fruit. Below image_ shows the 
jars once they were filled.  
Next, the sensory testing began. The 
panelists were tested every three to four days for 
a total of five different days of sampling.  The total 
time that the fruit was stored was 17 days. During 
the testing, the panelists were given four different 
sample cups.  The cups were numbered at 
random to ensure unbiased results.  Figures _ and _ show the cups that were used for 
testing. 
 
 
 
 
Figure 6: Torqueing jars 
Figure 7: Filled Jars 
Sampling Cups 
 
 
Samples 
 
Figure 8: Sampling Cups and Samples 
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The sensory form 
used includes five 
different questions 
relating to the quality of 
the fruit as compared to a 
control sample along with 
a comments section to 
provide additional insight. 
The sensory form used is 
shown in Appendix A. The questions on the sensory form seek to find information about 
the color, smell, texture/pop, size, and overall taste of the sample. The subject will rate each 
quality on a scale from 1-15 with 1 being the 
worst and 15 being the best.  
 
 The panelists were tested on Day 3, Day 
6, Day 10, Day 13 and Day 17 for a total of five 
testing days. Once the testing was over, the data 
was input into MiniTab to perform a 1-way 
ANOVA test in order to analyze it. The results 
section of the report discusses the significant 
differences between the data and the effect of the package had on the fruit as well as the 
effect day had on the fruit.  
  
Figure 9: Sampling Day 3 
Figure 10: Sampling Session 
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Results 
 Once the all of the data was collected via the sensory form the data was analyzed 
using the statistical analysis software Minitab. A one-way ANOVA test was performed to 
determine if there was any significant difference in the data and if there was an effect of 
day or package. The discussion below explains our findings and their meaning. As 
previously stated, all data is based on a scale from 1-15 with 1 being the lowest score and 
15 being the highest score.  
 
Effect of Day 
Color 
The range of average scores for the color attribute was from 7.00 to 10.3. In Figure 
12, Table (a) the data shows no significant difference in time. From earlier research, this is 
expected because the amount of oxygen in the container affects the color yet our panelists 
did not see the color change as negative. The 8.375 average for glass metal on day 13 is an 
anomaly because the data improved on the next sampling day.  From this we can conclude 
that the change in color that occurs over time, does not negatively affect our results.  
 
Aroma 
The range of average scores for the aroma attribute was from 7.00 to 9.57.  In Figure 
11, Table (b), the data shows no significant difference in time. From earlier research, this is 
expected because although migrants change the aroma of citrus over time, the antioxidants 
can help to prevent oxidation that can create changes in the aroma. The failure of our 
testing occurred before this change. The minimum aroma score of 8.29 did not differ from 
our other data and is the point of failure as defined by reactionary comments.  
 
Texture 
The range of average scores for the texture attribute was from 6.67 to 10.6.  In 
Figure 11, Table (c), the data does show a significant difference in time. Failure occurred on 
day 13, which was the first occurrence of significant difference. The plastic jar with the 
plastic lid failed on day 10 where there was a large significant difference. From earlier 
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research, this is expected because osmosis is inevitable and the fluid comes out of the citrus 
pearls. The minimum texture score of 7.13 is the point of failure as defined by reactionary 
comments. These values are significant and were key players in having texture fail as a 
defining parameter.  
 
Size 
The range of average scores for the size attribute was from 7.63 to 10.3.  In Figure 
11, Table (d), the data shows no significant difference in time. There are multiple anomalies 
in this data set, but since the values after them return to insignificant these values do not 
affect the data and would probably disappear had this study be performed again. From 
earlier research, this is expected because although osmosis is occurring, the size of the fruit 
would not dramatically change to the naked eye.  
 
Taste 
The range of average scores for the taste attribute was from 7.63 to 10.7.  In Figure 
11, Table (e), the data shows no significant difference in time for the taste attribute.  From 
earlier research, this was not expected because anaerobic respiration causes off flavors, 
which often ruin the product.  Flavor from the package is often transferred into the food. 
The minimum taste score of 7.63 is the point of failure as defined by scores and reactionary 
comments.  
  
Figure 11: Effect of Day data 
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Figure 12: Effect of Day graphs 
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Effect of Package 
Four different packages were tested: control (C), glass jar with metal lid (GM), glass jar 
with a plastic lid (GP), and a plastic jar with a plastic lid. 
 
Color 
The range of average scores for the color attribute was 7.75 to 10.25 for all four packages.  
In Figure 13, Table (a), the data shows no significant difference between the packages 
throughout the 17 day study. This was expected because the fresh citrus pearls have either 
a dark pink or a yellow color, which mixes together in the packages to create a light pink 
hue. This light pink color had no effect on the perceived quality of the fruit. From earlier 
research, the red tint actually has more value in the marketplace than the plain yellow.  
Because there was no significant difference, color did not influence failure.  
 
Aroma 
The range of average scores for the aroma attribute was 7 to 9.57 for all for packages. 
Similar to color, in Figure 13, Table (b), the data shows no significant difference between 
the packages, but the overall scores were lower on test day 17 than test day 3 for each 
package. From earlier research, this was expected because the degradation of citrus aroma 
is slow compared to the rate of fruit failure.  The minimum aroma score of 7 is the point of 
failure as defined by reactionary comments.  
 
Texture 
The range of average scores for the texture attribute was 6.67 to 10.6.  In Figure 13, Table 
(C), data shows a significant difference in scores at day 10 with the GP and PP packages, but 
not until test day 17 for the GM package. This means that the GM package performed better 
than the GP and PP packages.  From earlier research, this was expected because glass is less 
permeable than plastic, so the glass was able to keep the original texture for a longer 
period of time. The texture score of 8.29 is the point of failure as defined by reactionary 
comments.  
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Size 
The range of average scores for the size attribute was 7.63 to 10.3.  In Figure 13, Table, (d), 
the data shows a significant difference at day 10 for GP and PP, but not until test day 17 for 
GM. From earlier research, this was expected because more oxygen entered though the 
plastic than the glass, therefore expediting the osmosis processes in the GP and PP 
containers.   The minimum size score of 8.33 is the point of failure as defined by 
reactionary comments.  
 
Taste 
The range of average scores for the taste attribute is 7.63 to 10.7 for all the test samples.  In 
Figure 13, Table (e), the data shows a significant difference between the GP, PP, and GM 
packages. The GP and PP post significantly lower scores than GM at day 13. GM did not post 
low scores until sample day 17. From earlier research, this was expected the glass 
containers were able to keep the citrus pearls preserved longer than the GP and PP 
packages. Some test subjects actually preferred the fermented citrus pearls to the freshly 
cut pearls. The minimum taste score of 8.33 is the point of failure as defined by reactionary 
comments.  
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Figure 13: Effect of Package data 
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Figure 14: Effect of Package graphs 
 
 
  
 Torque 
 Torque was an additional element that was used 
was significant. When each jar was filled, the torque tester was used to make sure that it 
was closed to the standard measurement.
of torque necessary to secure the lid of the jar the diameter of the jar was measured and 
divided by two. For the GM jar the standard torque 
applied torque was 21.0 and the PP applied toque was 25.25. 
 The removal torque was measured when the lid was removed for sampling. 
Referring to Table 4 these values changed from the applied torque. There was a positive 
difference in torque for the GM jar, which means that it took more torque to remove the lid 
than it took to apply it. There was a negative difference in the GP and PP jars, which means 
that it took less torque to remove the lid than it took to securely fast
attributed to the fact that the plastic lids on these jars were more permeable than the metal 
lid on the other jar causing the 
  
to ensure that the data collected 
 It is shown in Figure 6.  To determine the amount 
that was applied was 23.5 ft. lbs. The GP 
 
en it. These results are 
seal to become weaker.  
Table 4: Applied vs. Removal Torque 
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Conclusion 
 Working with Shanley Farms for our senior project was a great pleasure. Starting in 
the Fall of 2012, we put together a project proposal to see if our ideas would fulfill their 
project needs. We determined that our project would test the Shelf Life of Finger Lime 
pearls once they were extracted from their natural peel. After determining the scope of our 
project, we performed research on citrus and the effects that packaging can have on the 
product. We created a Gantt chart to help to schedule our time and different due dates 
throughout the process. From here we were able to start writing our formal report.  
 Next, we decided that it would be best to order the jars that we would use for 
testing. Since we needed to use the sanitary kitchen on campus as the location of extracting 
the Finger Lime citrus pearls we had to make sure that we followed standard protocol to 
meet the training requirements.  After contacting the Food Science Department, we were 
able to receive formal Pilot Plant safety training to avoid harm while working in the lab.  
 A preliminary run through of the extraction process occurred in December to work 
out the possible roadblocks that we might encounter. This was very helpful and made the 
official fill date of the jars run very smoothly. After all of the jars were filled and placed in 
the controlled environment chamber testing began. We tested the fruit on Day 3, Day 6, Day 
10, Day 13, and Day 17. We condensed and recorded our data and began to analyze it using 
Minitab. After analysis of our results, we were able to determine that the day of failure for 
all samples was day 13. The type of jar that gave the Finger Lime pearls the longest shelf 
life was the glass jar with the metal lid. We finished the project with a poster presentation 
for all of our advisors and peers to view.  
 The amount of knowledge gained from this report was immense. We learned how to 
work with people in industry. We also learned how to manage long-term projects and plan 
accordingly. We were able to conduct a scientific experiment and analyze data on Minitab 
Communicate effectively work together as a team was also another lesson that we learned 
during this process.  
 The knowledge and skill acquired from Industrial Technology courses helped 
immensely along with Support and General Education classes. This information is shown in 
the table below.  
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Course Number Title of Course Group member Usage  
Skills/ 
Knowledge 
IT 260 
Manufacturing 
Processes 
Heather Slightly 
Practical uses of 
metals 
IT 326 Product Evaluation Both Moderately 
How accurately 
evaluate a 
product or 
process 
IT 330 
Fundamentals of 
Packaging 
Both Heavily 
Basic packaging 
needs 
IT 341 
Plastic Processes and 
Applications 
Heather Heavily 
Fundamentals of 
Plastics 
IT 371 
Product Operations 
and Project 
Management  
Heather Slightly 
Management of 
industry 
operations 
IT 403 
Quality Systems 
Management 
Both Slightly 
Lean thinking 
quality system 
IT 411 Industrial Safety Both Moderately 
Safety and 
health practices 
in the workplace 
IT 475 
Packaging 
Performance Testing 
Heather Moderately 
Durability of 
distribution 
packaging 
BUS 391 
Information Systems 
Both 
Heavily 
Excel Skills 
 
 The open problems that were encountered during our research could be solved if 
more research was conducted. A few examples of this are that we tested the shelf life of the 
Finger Lime pearls without the use of any preservatives. If there was research conducted 
using different types of preservatives and the knowledge of someone with experience in 
food science, we think that this problem could be solved. We could have also tested 
different types of just plastic jars or a wider variety of packaging types as opposed to just 
jars. There is still a large amount of room for further research.  
 The implementation of our project would be rather difficult. The creation of an 
extraction process would be necessary, since from experience, it is not possible to manually 
extract a large amount of citrus pearls without ergonomic issues.  
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Appendix 
A. GNATT Chart: 
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B. Sensory Evaluation Form: 
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C. Risk Analysis: 
 
 
 
Risk Analysis Likelihood 
Impact on 
Schedule Contingency 
Computer crashes 10% High Backup material 
Weather/material 
delivery 50% High Have enough inventory 
Illness 30% Low Understanding attitude 
Technical advisor not 
available 15% Medium 
Planning at the beginning and 
constant contact 
Lack of experience 
with machinery/ 
programs 25% High 
Seek assistance from faculty 
advisor or TA 
Scheduling 
conflicts/unable to 
meet 5% Low 
Be flexible/ work on the 
weekends 
Availability of samples 
for shelf life studies 2% High 
Ask for a large quantity of 
product to have some on 
reserve 
Unable to get 
adequate human 
testing sample 15% Med 
Plan ahead, or try a different 
day 
Equipment 
Malfunction 20% High Find a way to fix the problem 
If testing starts before 
winter break, and we 
are not in town to test 25% High 
Plan ahead and schedule a 
day to complete testing with 
test subjects 
Jars do not arrive on 
time 70% Meduim 
Push back events until the 
jars arrive 
Pilot Plant manager is 
not available 10% High 
The team will schedule a time 
directly with the manager 
